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Introduction
The cresty neck include deformation of the dorsal neck, associated with degenerative changes characterized by fat infiltration (lipomatosis), involving subcutis, nuchal ligament, spinal muscle, and multifidi muscles. The atlas, axis, and cervical vertebra are not infiltrated. The cresty neck is a condition that occurs in horses, with high predisposition to some races, including the Purebred Spanish, Lusitano and some crosses. Both environmental and genetic factors are associated with cresty neck (13) . There are discrepancies between clinicians, veterinarians, farmers, geneticists, researchers are considered a defect or a pathological condition, preliminary studies show degenerative changes associated with the deposition of fat (lipomatosis). Increased fat deposits along the crest of the neck in horses and ponies (nuchal crest adiposity), has similarly been associated with an altered metabolic state (7) and an increased risk of certain metabolic disorders such insulin resistance (7) . Metabolic myopathies include a group of diseases that have the common feature of accumulating normal or abnormal products of metabolism, such as glycogen and lipids (8) . A relative similar condition occurs in Piedmontese cattle described as Lipomatous Muscular Dystrophy (LMD), histological investigations showed variations in fiber size, fiber necrosis, mononuclear cell infiltration, increase of connective tissue and especially, replacement by fat (4) . Histological characterization of cresty neck in horses is necessary to elucidate the aetiopathogenesis of the cresty neck as well as the description of histological patterns. The aim of this study was to describe histopathological pattern recognition of cresty neck in horses in Spain.
Materials and methods
A total of 250 horses were study in Cordoba, Sevilla, and Southern Extremadura, Spain during 2014-2016. All necks were examined by modified biopsy (System for Biopsy Adjustable: To take the sample with a punch of 0.5 mm of diameter) (11), histopathology and grossly scored using a standard lesion classification (10, 110 . For histological examination, samples of neck were fixed in 10% formalin, embedded in paraffin and cut to 5 μm sections (2, 3) . The slides were stained with Masson´s Trichrome. Additionally, were performed the antibody (desmin 1:100) for immunohistochemical (IHC) study (1, 6, 12) . The pathologic examinations included identification of cell type, overall cellularity, cytoplasmic features, nuclear atypia, mitotic index, immunohistochemical findings and morphometric study.
This study was approved by the institutional committee for bioethics and welfare in animal experimentation of the Universidad Central de Venezuela.
Results
Seventy-six percent of horses (189/250) present cresty neck. The damage of the cresty neck in horses was categorized (Table 1) as Grade 0 -Muscle fibers are observed, no fat vacuoles are observed. This grade corresponded to 24% (61/250) of the horses (Fig. 1A) . This level corresponds to the normal condition of the neck. Masson´s trichrome was negative (-). Grade 1 -Scarce adipose deposit was observed, and unaltered muscle tissue is observed. This grade corresponded to 21% (52/250) of the horses (Fig. 1B) . Masson´s trichrome was mildly positive (+). Grade 2 -Fat vacuoles were evident in muscle tissue intermyofibrillar space and prone to coalescence. This grade corresponded to 23% (58/250) of the horses (Fig. 1C) . Masson´s trichrome was moderately positive (++). Grade 3 -Abundant fat vacuoles in the intermyofibrillar space, with tendency to coalesce, and low fat in muscle tissue infiltration (moderate lipomatosis). This grade corresponded to 16% (40/250) of the horses (Fig. 1D) . Masson´s trichrome was moderately positive (++). Grade 4 -Abundant fat vacuoles in the intermyofibrillar space, with tendency to coalesce, and fatty infiltration in muscle tissue (marked lipomatosis). This grade corresponded to 8% (20/250) of the horses (Fig.  1E) . Masson´s trichrome was strongly positive (+++). Grade 5 -Only fat vacuoles were observed, without muscle tissue (severe lipomatosis). This grade corresponded to 8% (19/250) of the horses (Fig. 1F) . Masson´s trichrome was strongly positive (+++). Immunostaining of desmin (1: 100 dilution of the primary antibody) was moderately positive (++) in grades 0-2, and negative (-) in grades 3-5 (Fig. 2) .
These results suggest that as fat/lipomatosis infiltration increases (progresses in grades 3, 4 and 5), the intercellular space (intermyofibrillar) increases and therefore the cell cytoskeleton is lost, with loss of the bands Z, so the negative response to this antibody.
Discussion
Cresty neck was associated with variations in muscular fiber size, which is very common, and increase of connective tissue and especially, replacement by fat, although fiber necrosis and mononuclear cell infiltration were not observed, as reported in the syndrome Lipomatous Muscular Dystrophy (LMD) in cattle (4, 5) . Recognition patterns allow establishing a score from the normal neck Grade 0, which is predominantly only muscle tissue, intermediate grades 1, 2 and 3, where a fat infiltration is observed in the muscle tissue to more severe grades 4 and 5, where severe fat infiltration (lipomatosis) is observed, with replacement of muscle tissue by adipose tissue. The Masson´s trichrome allows the delimitation of the collagen fibers, which was positive in Grades 3, 4 and 5, indicating an increase in collagen fibers in cases of increased fat infiltration (lipomatosis), and to a lesser extent in Grades 0, 1 and 2. Immunohistochemical results focused on muscle, confirm the small fat in Grades 0, 1 and 2, whereas for Grades 3, 4 and 5 it indicated severe fat infiltration, and replacement of muscle tissue. We are currently working on other antibodies that allow the characterization of muscle tissue and fat tissue in the neck of the horse. A high incidence was observed 76% in horses of Cordoba, Sevilla, and Southern Extremadura, Spain. A recent report suggests cresty neck is a common defect in Spanish Pure Breed horses, affecting 8.89% of the worldwide population (13) . A high incidence (76%) were observed in horses with this deformity (cresty neck), these are immediately disqualified from the competitions and removed from the Spanish Pure Breed genetic book, with important economic losses due to its imminent economic devaluation. These horses with neck deformity are sent to slaughter, which limits their study. Several findings led to the classification of this condition pathology. For this study was not considered other, underlying metabolic diseases but many studies suggest an association to the following conditions: endocrine diseases in horses as Equine Metabolic Syndrome, Cushing's syndrome, insulin resistance, obesity, laminitis, hyperlipemia (9, 14) . Cresty neck score has a moderate heritability, indicating that the prevalence of this defect could be diminished by genetic selection (13) . The description of the histopathological patterns allow the understanding of the metabolic and morphologic alterations cresty neck horses, as well as identifies this phenotype condition as a present pathology in the neck of the horse. These metabolic changes associated with increased neck fat deposition and lipomatosis, with severe fatty infiltration in cervical Table 1 . Cell type, overall cellularity, cytoplasmic features, nuclear atypia, mitotic index.
No nuclear atypia and mitotic index were observed. 
Grade 3

Muscle Fibers 48%
Were observed an increase of fat vacuoles in the cytoplasm with tendency to coalescence, and involves the intermiofibrillar space. 844
Adipose cells 62% Coalescence of adipocytes and deposits of fat.
Grade 4
Muscle Fibers 15%
The plethoric cytoplasm of fat vacuoles with coalescence is observed and and involves the intermiofibrillar space. 454
Adipose cells 85% Coalescence of adipocytes and abundant deposits of fat
Grade 5
Adipose cells 99% Coalescence of adipocytes and abundant deposits of fat 136 muscles, may be associated with body condition, quality of diet, exercise, management and levels of vitamin E.
In conclusion, we describe histopathological pattern recognition of cresty neck in horses in Spain. In the future we hope to determine variables predictive for the development cresty neck in horses. Finally histopathological pattern recognition of cresty neck can have application in the pre-purchase exams in horse breeds at risk of pathology of the dorsal neck.
